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This report describes three patients who developedmyo-
cardial infarction at an untimely age, 4 to 12 years after
radiation therapy for Hodgkin's disease. These cases
Two decades ago, the heart was considered to be radio-
resistant. Damage to the pericardium and myocardium, along
with detrimental changes in the conduction system, have
since been recognized and accepted and studied in depth.
However, controversial views continue to surround the ef-
fects of radiation on the coronary arteries. Despite the ne-
gation of such effects by some investigators, clinicians are
reporting more incidents of myocardial infarction after man-
tle irradiation to the thorax. Three patients irradiated by
mantle technique for Hodgkin's disease who subsequently
developed untimely myocardial infarction are described in
detail.
Case Reports
Case 1. In 1965, a 19 year old white woman was di-
agnosed as having nodular sclerosing Hodgkin's disease,
stage IIA, based on a biopsy of left cervical and right axillary
lymph nodes. She was treated on the 2.5 meV Van De
Graaff generator with a delivery of 40 Gray* (4,000 rad)
midplane dose to the main mantle field by parallel opposed
portals. Twenty treatments were given over 29 elapsed days
at the rate of 200 cgy (centigray)/day, 10 Gray/week. In
1970, she experienced a recurrence of Hodgkin's disease in
the spleen and paraaortic nodes. A laparotomy and sple-
nectomy were performed and the ovaries were transposed
behind the uterus. A second course of radiation therapy to
deliver 40 Gray (4,000 rad) in 20 treatments over 38 days
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*In an effort to simplify nomenclature the " Gray" has been adopted
by the American College of Radiology as a unit of radiation dosage .
Although it has not been universally accepted . it is the term used to specify
dose in the scientific literature. Simply, I Gray (gy) = 100 centigray (cgy)
= 100 rad.
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lend credence to the cause and effect relation of such
therapy to coronary artery disease.
(J Am Call CardioI1986;8:239-44)
to the paraaortic and iliac nodes and splenic pedicle was
instituted. Treatment was given by way of the 6 meV linear
accelerator. A midline block was used to shield the rectum,
bladder and ovaries . After irradiation, the patient became
amenorrheic and replacement hormonal therapy was insti-
tuted.
In January 1974, at 28 years of age, the patient underwent
cardiac catheterization after an acute anterior myocardial
infarction. There was marked obstruction of the circumflex
coronary artery with left ventricular dysfunction. At the time
of coronary bypass surgery , the left anterior descending
artery showed extensive sclerotic changes with intermittent
plaques scattered throughout the wall starting in the prox-
imal portion and extending to the apex. During this admis-
sion a grade IV hyperlipidemia was noted.
Speculation arose as to whether this cardiac insult rep-
resented accelerated atherosclerosis secondary to radiation
castration or whether this was radiation-induced coronary
artery disease. The patient was a nonsmoker and had not
been taking birth control pills,
Case 2. In June 1966, a 19 year old white man presented
with a painful mass in the right side of his neck and a
mediastinal mass. He was classified as having stage lIB
Hodgkin's disease after a Iymphangiogram and bone mar-
row examination . From June to August 1966, the patient
underwent "total nodal irradiation . " The supradiaphrag-
matic lymph nodes were treated by mantle technique, giving
200 cgy per fraction to the midline for a total mediastinal
midplane dose of 44 Gray (4,400 rad) in 22 treatments.
Anterior and posterior portals were weighted equally and
treated on alternate days. Treatment was given on the cobalt-
60 apparatus with 80 ern source skin distance . After a rest ,
the lower torso was treated by inverted " Y" using a similar
fractionation schedule to deliver 40 Gray (4,000 rad) to the
subdiaphragmatic nodal chains.
In January 1968, a chest X-ray film revealed pulmonary
fibrosis along the medial aspects of the left and right upper
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lobes within the confines of the mediastinal irradiation por-
tal. This was considered secondary to the radiation therapy.
The patient was asymptomatic until 1978, at 31 years of
age, when he developed an acute posterolateral and anterior
myocardial infarction. Two months later he experienced yet
another insult in the previously infarcted areas. At this point
he ceased smoking two packs of cigarettes a day, a habit
of 15 years. Further studies were not pursued by his phy-
sician until 1980, when he referred the patient for a mon-
itored exercise program.
In February 1983, the patient was hospitalized with a
large pleural effusion. A two-dimensional echocardiogram
showed severe left ventricular dysfunction and a large apical
aneurysm. The ejection fraction was 30%. There was no
evidence of pericardial effusion or constriction.
Because of difficulty in controlling his heart failure, the
patient was transferred to a Philadelphia facility for cardiac
catheterization studies which corroborated the echocardio-
graphic findings and revealed 80% stenosis of the left main-
stem coronary artery. The left anterior descending artery
was totally occluded near its midpoint and the distal segment
was thin and irregular and not bypassable. The main cir-
Figure 1. Case 2. Coronary artery showing compromise of the
lumenby thickenedintima. Intimaand mediaare replacedbydense
hyalinized tissue with only a peripheral rim of adventitiadiscern-
ible. Figure 2. Case 2. Mediumpower viewof a coronaryarteryshow-
ing dense areas of sclerotic hyalinization with focal calcification
replacing the bulk of the coronary artery wall.
cumflex artery was occluded. The right coronary artery had
extensive luminal irregularity without critical obstruction.
On March 1, 1983 coronary bypass surgery was performed.
The patient had a stormy postoperative course and died 48
hours later.
Autopsy findings. The bypass grafts were patent. There
was extensive fibrosis of the pleura, pericardium and myo-
cardium. A moderate aneurysmal dilation ofthe anteroapical
region of the left ventricle was present. Examination of the
coronary arteries revealed 60% occlusion of the left coronary
artery, 70% occlusion of the proximal and complete occlu-
sion of the distal segment of the left anterior descending
artery, complete occlusion of the left circumflex artery, and
mild atherosclerosis of the right coronary artery with 50%
occlusion. There was no evidence of residual Hodgkin's
disease. Pleural effusions were present. Mild atherosclerosis
of the aorta was noted.
Microscopic findings. The sections of the heart showed
excessive fibrous thickening with hyalinization, hemorrhage
and acute and chronic inflammation of the parietal pericar-
dium. The visceral pericardium showed fibrosis and hem-
orrhage with mesothelial inclusions within the fibrotic areas.
Scattered areas of interstitial fibrosis were noted in sections
JACC Vol. 8. No. I
July 1986:239-44
DUNSMORE ET AL.
RADIATION-INDUCED CORONARY ARTERY DISEASE
241
of the myocardium from the left ventricle. Sections through
the anteroapical areas of the left ventricle showed muscle
necrosis with acute inflammation. There was approximately
50% occlusion of the right coronary artery with fibrosis of
the intima and some cholesterol clefts. Movat stain con-
firmed the fibrotic origin of the intimal thickening. Sections
from the left anterior descending artery also showed fibrous
thickening of the intima with calcification and mild choles-
terol deposition, with approximately 90% occlusion of the
lumen. Sections of the circumflex artery showed the same
lesions with approximately 80% occlusion (Fig. 1 to 4).
The lymph nodes showed no residual malignancy. The
lungs contained scattered areas of severe interstitial fibrosis.
Case 3. A 32 year old white man noted enlarged glands
in his neck in December 1969. Enlargement of the left hilum
was noted on chest X-ray film. Lymphangiography indicated
diffuse involvement of the paraaortic, iliac and inguinal
lymph nodes. The patient had stage IlIA Hodgkin's disease.
In January 1970, a course of total nodal irradiation was
begun using equally weighted anterior and posterior portals
on the Cobalt 60 apparatus (80 cm source skin distance).
While receiving treatment, the patient developed left axil-
lary nodes. The involved areas each received 40 Gray (4,000
Figure 3. Case 2. Medium power view of the coronary artery
wall showing clusters of fibroblasts in dense hyalinized tissue. Figure 4. Close-up of wall of coronary artery showing fibroblasts
in an area of dense fibrotic hyalinization.
rad) in 20 fractions over 29 elapsed days. The clinically
uninvolved areas on the right side each received 36 Gray
(3,600 rad). A total of 41 Gray (4,100 rad) in 23 fractions
at 180 cgy per treatment was delivered to the midplane of
the mediastinum. The patient then received 40 Gray (4,000
rad) in 20 treatments to the paraaortic and iliac nodes. All
areas were treated by parallel opposed anterior and posterior
portals which were weighted equally. Treatment was given
through anterior and posterior ports on alternate days.
In December 1973 the patient (aged 36 years) was ad-
mitted to the hospital with an acute anterior myocardial
infarction. Subsequent cardiac catheterization revealed the
left anterior descending artery to be ectatic and irregular
with a 40% occlusion. The distal vessel was normal and
one diagonal branch was occluded at its origin. The left
circumflex artery revealed subtotal occlusion beyond the
origin of the sinus auricular nodal artery and a second severe
subtotal occlusion more distally. The marginal branches
were normal. The left mainstern coronary artery was normal,
The right coronary artery was diffusely irregular with a 60%
narrowing proximally and a 50% narrowing proximal to the
crux of the heart. The diagnosis of coronary artery disease
was not in doubt but it was believed that this did not rep-
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resent a reasonable pattern for further consideration of coro-
nary artery bypass grafting.
Discussion
Previous reports. The radiosensitivity of the myocar-
dium, pericardium and the great vessels is a matter of great
concern. The clinical studies of Leach (I) in the early 1940s
indicated that the heart was a very radio-resistant structure.
Later reports of electrocardiographic changes during or after
irradiation, or of sporadic cases of coronary occlusion or
myocardial fibrosis, were attributed to malignant disease
occurring in an aging population with concomitant coronary
artery disease. Direct involvement of the heart or pericar-
dium, or both, by actual tumor was also implicated, often
correctly, as an etiologic factor in the development of car-
diac complications.
For two decades conflicting reports appeared and, al-
though it was well accepted by radiation oncologists that
high doses or large fractions of irradiation might damage
the heart (2-4), the occasional report of myocardial damage
after routine irradiation of mediastinal lesions was thought
to represent a very rare complication (5,6), if not pure co-
incidence. It is now generally recognized that the most com-
mon clinical syndromes 'after irradiation are pericarditis in
acute and chronic forms (7-12), cardiomyopathy, valvular
disease (13) and, to a lesser degree, complete atrioventric-
ular block (14,15).
However, lesions of the coronary vessels had been con-
sidered exceptionally rare (7) and even questionable (16).
In 1958, only two cases were briefly mentioned by Pearson
(17). The patients were women who had received irradiation
for breast cancer and subsequently developed acute myo-
cardial infarction. He stressed the sensitivity of these arteries
to radiation, which could produce intimal proliferation and
subsequent occlusion. Because both patients survived their
cardiac insult, histologic confirmation was not available. It
was not until 1966 that Dollinger et al. (18) reported one
case of Hodgkin's disease in which acute myocardial in-
farction developed 18 years after irradiation. Subintimal
fibrous proliferation of the coronary arteries was confirmed
at autopsy. However, this patient had received chemother-
apy in conjunction with irradiation. These two treatments
are known to be synergistic and their combined use may
have augmented or accelerated the pathologic process in the
coronary arteries.
Interest in this subject was renewed in 1967 with the
publication by Stewart et al. (19) of a series of 25 patients
with significant heart disease developing after prophylactic
irradiation following mastectomy for breast carcinoma or
Hodgkin's disease. All patients analyzed survived at least
I year after radiation therapy, and none had heart disease
before irradiation. A 15 year old boy died of myocardial
infarction 16 months after receiving 40 Gray (4,000 rad) by
mantle technique for Hodgkin's disease. Ten years later,
McReynolds et al. (20) presented two cases of coronary
artery disease after irradiation for Hodgkin's disease. Nec-
ropsy confirmed marked narrowing of all three major coro-
nary arteries. Histologic evidence of severe intimal fibrous
thickening along with considerable adventitial scarring of
vessels was noted. This type of coronary sclerosis differs
from that usually found in the patient with coronary artery
disease in that fibrosis is severe and is usually in continuity
with overlying epicardial fibrous tissue. Similar findings
were reported by Brosius et al. (13) in an analysis of 16
young necropsy patients aged 15 to 33 years.
Although clinicians became increasingly aware of the
effects of radiation on the coronary vessels, negative reports
continued to be published. In 1982 Boivin and Hutchison
(21) published a statistical study involving 957 patients who
received irradiation therapy for Hodgkin's disease, con-
cluding that such treatment did not increase the incidence
of coronary artery morbidity. Two hundred sixty-eight of
these subjects had been followed up only from 0 to 4 years
and the authors' conclusions were reached on the basis of
death certificates alone and not pathologic or clinical find-
ings.
In their experimental work with the New Zealand white
rabbit, Fajardo and Stewart (22,23) induced radiation heart
disease of significant proportions. Despite alteration of the
intima they concluded that radiation did not produce sig-
nificant pathologic changes in the coronary vessels. How-
ever, the rabbits were sacrificed by 180 days and not per-
mitted to complete their expected life span of 9 years; hence,
the opportunity to assess the development of delayed changes
in these vessels was gone.
Morphologic changes. Fajardo et al. (24) described large
bizarre fibroblasts as the hallmark of arterial radiation fi-
brosis. The intima is thickened by these cells along with
collagen, endothelial cells and histiocytes. Such thickening
results in severe narrowing of the lumen with marked en-
croachment on and even replacement of the media. The
adventitia shows an increase in plasma cells. In contrast,
the most important lesion of atherosclerotic coronary artery
disease is the atheromatous plaque in the intimal wall, which
shows an increase in lipids (25,26). The pathologic con-
sequences of these plaques compromise the lumen with en-
croachment on the media. Prominent calcifications are also
noted at the junction of the intima and media. The adventitia
is infiltrated with lymphocytes. Case 2 demonstrates the
effects of radiation on the coronary arteries, namely, intimal
thickening with medial replacement, encroachment on the
lumen, fibrotic hyalinization and fibroblasts.
Radiation techniques. Since 1950, when Hodgkin's
disease was considered incurable, the outlook for patients
with this condition has improved steadily. Hellman and
Mauch (27) reported 95% overall survival and 80% 10 year
relapse-free survival for patients with stage IA and stage
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IIA disease treated by extended field technique. Thus, in
patients with stage I to II upper torso disease, total nodal
irradiation has been replaced by mantle and paraaortic ir-
radiation alone, which eliminate the risk of radiation cas-
tration in women.
In the process of attempting to increase the radiocura-
bility of Hodgkin's disease, the development of undesirable
radiation effects has been recognized and has led to changes
in radiotherapeutic techniques. Many of the published re-
ports (11,12,28-31) concern patients who developed car-
diomyopathy after mediastinal irradiation by single anterior
or anteriorly weighted portals. This practice is now avoided,
but in patients treated by this technique the radiation dose
to the anterior heart is increased by as much as 50% in a
given individual.
It is a generally accepted tenet in the radiotherapeutic
management of Hodgkin's disease that as the dose to the
tumor volume approaches 40 to 44 Gray (4,000 to 4,400
rad) the recurrence rate approaches zero (32). This dose is
considered optimal and its achievement imperative in any
curative attempt. Early failures have been attributed to in-
adequate dosage. Our three patients were treated by the
standards of the middle to late 1960s. It was the custom to
define the tumor-bearing volume before treatment and to
irradiate the entire volume to 40 Gray (4,000 rad). Large
portions of the heart were included in the mediastinal portal
to avoid geographic miss of disease which might not be
discernable behind the cardiovascular silhouette on the con-
ventional posteroanterior chest X-ray film.
The advent of computed axial tomography has made it
possible to accurately assess the extent of tumor in the
mediastinum. This, in turn, allows the therapist to spare
generous volumes of the heart. Current practice allows for
the addition of enlarging cardiac apex blocks through a
course of treatment to accommodate shrinking mediastinal
masses. This technique significantly reduces the dose to
large portions of the heart. In patients without mediastinal
disease the cardiac apex may be blocked full thickness
throughout a course of mantle irradiation, and recent reports
(31) suggest that even full thickness subcarinal blocks may
be used in carefully selected subsets of patients without
affecting success rates.
Summary. Three cases are presented to demonstrate the
late development of coronary artery disease after properly
administered radiation therapy for Hodgkin's disease before
1979. However, large areas of the heart were exposed to
40 Gray (4,000 rad). Coronary artery disease appeared after
8, 12 and 4 years, respectively, in Cases 1,2 and 3. None
of these patients received adjunctive chemotherapy, which
might have accelerated the pathologic process in the coro-
nary arteries, and each had an untimely myocardial infarc-
tion at age 28, 31 and 36, respectively. Coronary artery
disease may well have been accelerated in Case I, a 28 year
old woman, either through radiation castration or promoting
rapid atheromatous changes. Furthermore, a striking dif-
ference in the pathologic features of the coronary arteries
has been noted in those patients exposed to radiation, as in
our Case 2, compared with the typical atherosclerotic lesions
of nonirradiated patients. Coronary artery disease as a late
complication of radiation therapy instituted before 1979 is
documented, and the clinician must be aware that this com-
plication may continue to present itself over the next two
decades.
We thank Raymond Rogowski, MD, Director of Pathology, Paoli Me-
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Case 2 and Miriam Botkin and Anne Keegan for assistance in preparation
of this manuscript.
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